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ABSTRACT: Although AA requirements for the
mean in a population of growing pigs are well estab-
lished, there are no direct estimates of their variability
within the population. The indicator AA oxidation
method allows repeated measurements in a short pe-
riod of time so that the AA requirement can be deter-
mined for individual pigs. The objective was to deter-
mine the Lys requirement in individual pigs to derive
a first estimate of the population mean requirement
and its variability. Nine individually housed barrows
(15 to 18 kg) were surgically implanted with venous
catheters for isotope infusion. Pigs were offered, in ran-
dom order, isonitrogenous and isoenergetic diets with
one of seven Lys concentrations (4.8 to 15.5 g of Lys/
kg diet, as-fed basis). The pigs were fed twice daily,
except for study days when they received one-half of
the daily allowance in eight equal hourly meals. After a
validated minimum adaptation period, indicator (Phe)
oxidation was determined for each dietary Lys level
during a 4-h primed, constant infusion of L-[1-14C]Phe
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Introduction
Lysine requirements in pigs have been studied exten-
sively (NRC, 1998), but no direct estimate of its variabil-
ity is available. Lysine requirements depend mainly
on sex, genotype, BW, feeding level, and environment
(Noblet and Quiniou, 1999). Even when controlling for
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at a rate of 464 kBq/h. The Lys requirement was calcu-
lated using a two-phase linear regression crossover
analysis within individual pigs. For each pig, Phe oxida-
tion decreased linearly (P < 0.02) as the dietary Lys
concentration increased until the requirement was
reached; thereafter, Phe oxidation was not different.
The true ileal digestible Lys requirement ranged from
7.5 to 10.6 g/kg of diet (as-fed basis) for the nine ani-
mals. The mean requirement for all pigs was 9.1 g/d
(CV, 11.6%) or 93.9% (CV, 9.8%) of the predicted (NRC,
1998) requirement based on each pig’s mean BW and
energy intake. The measured and predicted require-
ments did not differ. The indicator AA oxidation method
gave values for Lys requirement similar to conventional
methods. The short (<3 wk) experimental period allows,
for the first time, the estimate of population variability,
which provides for more accurate calculation of the ef-
fect of altering Lys intake on herd performance and
production economics. This method is suitable to use
with all dietary indispensable AA.
these factors, differences in individual requirements
have been shown in humans (Zello et al., 1993; Krieng-
sinyos et al., 2002) and poultry (Coleman et al., 2003).
The importance of variability between individual ani-
mals was recognized (Lucas, 1960), but the lack of esti-
mates of variation in pigs has been regretted (Pomar
et al., 2003).
Traditional methods, such as growth rate or nitrogen
balance assays, are unsuitable to determine require-
ments of individual growing animals, requiring pro-
longed periods of both adaptation to diets and measure-
ment of response to obtain valid measurements. Testing
six or seven dietary AA levels within an individual
growing animal would require at least 2 mo, so the
requirement would change substantially during the ex-
periment. The indicator AA oxidation (IAAO) tech-
nique, which was developed in pigs (Kim et al., 1983;
Ball and Bayley, 1984), has been widely used to deter-
mine AA requirements in pigs and humans (Brunton
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et al., 1998; Pencharz and Ball, 2003) and poultry (Cole-
man et al., 2003), although the IAAO requires special-
ized equipment and expensive material. The IAAO
allows measurements to be made after an adaptation
period of 2 d (Moehn et al., 2004b), so that sufficient
levels of AA intake can be tested in a 2-wk experiment
without the animal changing its physiological state. By
controlling animal BW, feed intake, and environmental
conditions, the variability in requirements can be de-
creased to factors associated with the genotype of the
individual animal. Thus, the objective of this experi-
ment was to determine the Lys requirement of individ-
ual pigs and to derive an estimate of the intersubject
and, hence, population variability.
Materials and Methods
Animals and Study Protocol
All procedures used in this study were approved by
the Faculty’s Animal Policy and Welfare Committee of
the University of Alberta. Nine Genex Manor hybrid
F1 (Genex Swine Group, Regina, SK, Canada) barrows
(initial BW = 19.1 ± 2.7 kg) were adapted to the experi-
mental basal diets over 3 d. Pigs were initially kept in
pairs to minimize stress. After adaptation, pigs were
fasted overnight, and surgery was performed the next
morning. Pigs were induced (5%) and maintained (2
to 3%) with halothane anesthesia mixed with oxygen.
Incisions were made on the inside of the thighs, and
femoral veins were separated from the arteries with
blunt dissection. Two Tygon (Fisher Scientific, Missis-
sauga, ON, Canada) catheters were inserted into each
femoral vein and advanced to the inferior vena cava
just caudal to the heart. Catheters were tunneled under
the skin from the incision sites to a point of exit between
the shoulders on the back. Cotton-mesh netting was
fitted around the pig’s chest to secure the externalized
catheters. Pigs were injected with antibiotics (1.5 mL
of sulfadoxine 200 mg/mL; trimethoprim, 40 mg/mL)
and analgesic (buprenorphine, 0.1 mg/kg repeated 12
h after surgery) and left to recover in separate metabolic
crates; all pigs were active and eating within 4 h after
surgery. After 3 d of postsurgical recovery, pigs were
fed test diets, and oxidation regimens were started.
Each animal received, in random order without repeats,
each of the diets providing one of seven Lys concentra-
tions. Oxidation measurements were performed after 2
d of adaptation to a change of diet (Moehn et al., 2004b).
Diets and Feeding
The pigs were fed twice daily at 0800 and 1600, except
for the infusion days, when they received one-half of
the daily ration divided in eight hourly meals; the re-
maining one-half of the daily ration was fed in the eve-
ning. Water was freely available at all times. This fre-
quent feeding protocol produces a more stable isotope
plateau than twice-daily feeding (Mo¨hn et al., 2003).
Feed intake was restricted to 90 g/kg0.75 BW (as-fed
basis). The feed was allocated based on the BW deter-
mined in the morning of study days after an overnight
fast. Any feed not eaten was collected, dried, and
weighed to obtain net feed intake. Diets were based on
corn gluten meal and wheat for seven pigs (Pigs 1 to
7; Table 1). Individual Lys requirements were mea-
sured for two other pigs fed diets based on barley and
soybean meal (Pigs 8 and 9; Table 1) to determine
whether it was important to consider diet effects sepa-
rately. Within ingredient types, two isoenergetic and
isonitrogenous diets (“low Lys” and “high Lys”) were
formulated, differing only in their contents of Lys and
Glu (to balance total N). All essential nutrients, except
Lys, were provided at a level of at least 120% of their
requirement according to NRC (1998). The low Lys and
high Lys diets were used either on their own or mixed
in the appropriate ratios to achieve the desired Lys
concentrations. Diets provided Lys at estimated concen-
trations of 56, 67, 78, 90, 101, 123, and 145% of the
NRC (1998) recommendation (4.8 to 15.5 g of Lys/kg of
diet). Dietary AA concentrations (Table 2) were deter-
mined by Degussa AG (Hanau, Germany) using acid
hydrolysis and ion-exchange chromatography with
postcolumn derivatization with ninhydrin (Llames and
Fontaine, 1994), except for Trp, which was determined
by HPLC with fluorescence detection (extinction, 280
nm; emission, 356 nm) after alkaline hydrolysis with
barium hydroxide octahydrate for 20 h at 110°C (Fon-
taine et al., 1998).
Tracer Infusion and Breath Collection
All pigs were subjected to repeated primed, constant,
4-h infusions. The pigs received a priming dose of 1.75
times the constant infusion rate of 464 kBq/h of L-[1-
14C]Phe (American Radiolabeled Chemicals, St. Louis,
MO). The priming dose was injected manually via the
femoral catheter over 1 min. Immediately thereafter,
the constant infusion was started using variable speed
syringe pumps (Fisher Scientific, Mississauga, ON,
Canada) using sterile saline to carry the isotope.
The equipment consisted of respiration chambers (1.2
m3) fitted with feeders and drinkers, air flow meters,
and a series of gas-washing bottles for 14CO2 collection.
Air was drawn through these boxes by rotary vane air
pumps (Gast Model 1023; Gast Mfg. Corp., Benton Har-
bour, MI) via an inlet at the rear and an outlet above
the trough at rates of approximately 140 L/min. After
passing through a cold water condenser to remove mois-
ture from the air, the air flow was divided between a
series of gas-washing bottles for CO2 collection and a
line bypassing the collection. The flow rate through
each diversion was measured continuously with two
commercial air meters (Model AL 425; Canadian Meter
Corp., Cambridge, ON, Canada). The gas-washing bot-
tles were changed at 30-min intervals throughout the
studies. The CO2 absorber (ethanolamine/2-methoxy-
ethanol, 0.5 vol/vol; Caledon Laboratory Chemicals,
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Table 1. Composition of experimental diets, as-fed basis
Wheat-corn gluten diet Barley-soybean meal diet
Ingredients, g/kg of diet Low Lys High Lys Low Lys High Lys
Barley — — 501.00 501.00
Wheat 400.00 400.00 — —
Soybean meal, 44% CP — — 99.00 99.00
Corn gluten meal 200.00 200.00 — —
Starch 135.00 135.00 109.85 109.85
Sugar 136.00 136.00 109.00 109.00
Cellulosea — — 50.00 50.00
Canola oil 50.00 50.00 — —
L-His 0.78 0.78 1.13 1.13
L-Ile 1.00 1.00 2.16 2.16
L-Leu — — 3.28 3.28
L-LysHCl 3.20 11.60 — 9.13
L-Cys 0.90 0.90 — —
DL-Met — — 3.05 3.05
L-Phe — — 2.35 2.35
L-Tyr — — 2.03 2.03
L-Thr 3.00 3.00 3.64 3.64
L-Trp 1.32 1.32 0.71 0.71
L-Val 1.90 1.90 2.80 2.80
L-Asp — — 18.80 14.57
L-Glu 8.40 — 18.90 14.00
Dicalcium phosphate 23.0 23.0 — —
Limestone 11.0 11.0 — —
Magnesium sulfate 5.00 5.00 — —
Sodium bicarbonate 3.50 3.50 — —
Sodium chloride 1.50 1.50 — —
Potassium bicarbonate 3.50 3.50 — —
Trace nutrient premixb 11.00 11.00 — —
Mineral-vitamin premixc — — 32.30 32.30
Choline chlorided — — 40.00 40.00
aSolkafloc, Fiber Sales & Development Corp., Urbana, OH.
bProvided per kilogram of diet: 22 mg of Cu, 0.2 mg of I, 165 mg of Fe, 13.2 mg of Mn, 0.3 mg of Se, 132
mg of Zn, 11,000 IU of vitamin A, 1,100 IU of vitamin D3, 88 IU of vitamin E, 2.2 mg of vitamin K, 0.2 mg
of biotin, 1,100 mg of choline, 1.8 mg of folacin, 44 mg of niacin, 27.5 mg of pantothenic acid, 13.2 mg of
riboflavin, and 33 g of vitamin B12.
cProvided per kilogram of diet: 6.94 g of Ca, 2.71 g of available P, 1.55 g of Na, 0.32 g of Mg, 19.22 mg
of Cu, 0.32 mg of I, 227 mg of Fe, 51.7 mg of Mn, 0.24 mg of Se, 112 mg of Zn, 9,690 IU of vitamin A, 1,131
IU of vitamin D3, 50 IU of vitamin E, 1.32 mg of vitamin K, 0.194 mg of biotin, 2.58 mg of folacin, 30.7 mg
of niacin, 20.2 mg of pantothenic acid, 5.7 mg of riboflavin, and 28.4 g of vitamin B12.
dProvided 2.9 g of choline/kg of diet.
Georgetown, ON, Canada) was weighed, sampled, and
mixed with scintillation cocktail (Atomlight, Canberra
Packard, Mississauga, ON, Canada) for measurement
of 14CO2. The samples were counted for 15 min or to an
error of 2% in a liquid scintillation counter (Beckman
LS3000; Beckman, Irvine, CA).
Calculations
Plateaus in breath 14CO2 (expressed as a percentage
of dose infused) were visually identified and confirmed
by regression analysis, yielding a slope not significantly
different from zero. The true ileal digestibility of Lys
was calculated using digestibility estimates published
by NRC (1998); L-LysHCl was deemed 100% digestible
(Susenbeth et al., 2001). The predicted true ileal digest-
ible Lys requirement was calculated for each pig using
the program published by NRC (1998), based on the
mean BW and calculated energy intake for each individ-
ual pig.
Because the pigs were repeatedly dosed with radioac-
tivity, the background radioactivity in breath was ex-
pected to increase; however, directly measuring this
background radioactivity immediately before infusion
was found to be highly variable because of increased
activity with the first feeding. Therefore, a steady-state
radioactive background was determined as described
by Moehn et al. (2004b). Briefly, four growing pigs of the
same genetic background and weight were subjected to
the same feeding and isotope infusion regimens, after
which the 14CO2 expiration was determined at intervals
representing the test protocol. The radioactive back-
ground in expired CO2 was expressed as a percentage
of the cumulative dose infused:
background =
0.3379 (±0.0391) × e−0.1067 (±0.0348) × days since previous study.
The 14CO2 plateau values were corrected for back-
ground radioactivity according to this equation, and
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Table 2. Analyzed nutrient composition of ingredients, as-fed basis
Wheat-corn gluten diet Barley-soybean meal diet
Nutrient Low Lys High Lys Low Lys High Lys
ME, MJ/kg (calculated) 15.1 15.1 13.0 13.0
CP, % 17.6 17.2 14.7 14.7
Amino acids, g/kg
Arg 9.6 9.2 6.0 5.9
His 3.7 3.6 3.6 3.6
Ile 6.5 6.4 6.2 6.2
Leu 10.7 10.5 9.8 9.7
Lys 5.0 15.5 4.8 13.1
True ileal digestibility, %a 88.4 94.4 84.5 94.1
Met 3.6 3.2 4.5 4.3
Phe 7.6 7.7 7.3 7.2
Thr 7.2 6.8 7.0 6.7
Trp NDb ND 1.9 1.8
Val 7.9 7.9 7.7 7.6
Ala 4.5 4.4 4.4 4.4
Asp 33.1 26.3 24.2 13.0
Cys 3.3 3.0 2.0 2.0
Glu 50.3 43.8 37.9 36.2
Gly 4.5 4.5 4.1 4.1
Pro 9.3 9.3 7.7 8.3
Ser 4.9 4.8 4.6 4.6
aCalculated based on true ileal digestibilities of Lys in feedstuffs (NRC, 1998). L-LysHCl assumed 100%
available.
bNot determined.
oxidation rates were calculated from these corrected
plateau values.
Statistical Analyses
The experimental units were individual animals.
Data were tested for the influence of covariables (i.e.,
BW within and between pigs, dietary Phe content, and
feed intake) using the MIXED procedure of SAS (SAS
Inst., Inc., Cary, NC) with pig as random effect. Two-
way interactions between these variables were tested
and retained in the model if P < 0.10. Lysine require-
ments were calculated from the original data and estab-
lished for individual pigs using a two-phase linear re-
gression crossover model, using the NLIN procedure of
SAS, regressing oxidation rate on dietary Lys contents.
The oxidation data points were partitioned iteratively
between slope and plateau phase of the model until the
residual mean square error was minimized. Require-
ments also were calculated as the intersection of a qua-
dratic regression of oxidation rate on Lys intake with
the plateau in oxidation (Baker et al., 2002). The re-
quirements determined using the two-phase linear re-
gression crossover model were tested for normal distri-
bution using the UNIVARIATE procedure of SAS, and
the resulting frequency distribution was plotted against
dietary true ileal digestible Lys contents. The mean
requirement of this sample of pigs and its variability
were assessed by averaging the individual require-
ments. Measured and predicted requirements were
compared using the Student’s t-test. Relationships be-
tween parameters were assessed using Pearson’s corre-
lation coefficients. An α value of 0.05 was used to assess
significance between means.
Results
During isotope infusions, the oxidation rate quickly
increased until a plateau was obtained (Figure 1). Pla-
teaus in oxidation were maintained for 4.7 ± 0.1 collec-
tion periods. Phenylalanine oxidation was between 4.0
and 19.7% (mean, 10.33%) of the infused dose at steady
state, depending on Lys intake. The mean of the stan-
dard errors during plateaus in oxidation was 0.82% of
Figure 1. Example of a representative plateau in indica-
tor amino acid oxidation for one pig at one dietary Lys
content. Collection periods were 0.5 h each.
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Figure 2. Indicator amino acid oxidation response to
increasing dietary Lys concentration in an individual pig.
Breakpoint was determined using two-phase linear re-
gression crossover analysis.
the infused dose. A quadratic regression showed that
dietary Lys contents explained 68% of the variance of
oxidation rates. Other main factors affecting oxidation
rate were feed intake (P = 0.03) and BW nested within
pig (P = 0.02). Oxidation rates tended to differ (P = 0.07)
among days of study and BW (P = 0.09). Interactions
between BW and day of study (P = 0.05), treatment
group (P = 0.03), and feed intake (P = 0.06), as well as
between treatment group and feed intake (P = 0.05),
affected oxidation rates.
Figure 2 shows the typical response of oxidation to
increasing dietary Lys contents. Phenylalanine oxida-
tion decreased when dietary Lys intake increased until
the requirement for Lys was reached; oxidation was not
different between greater Lys intakes. The response of
the oxidation rate to graded levels of dietary Lys in the
other pigs followed the pattern shown in Figure 2. The
two-phase linear regression model was significant for
eight of the nine pigs (P < 0.02; r2 = 0.90 to 0.95);
although the model for Pig 7 only tended to fit the data
(P = 0.098; r2 = 0.47), it was included in summary sta-
tistics.
Each pig’s Lys requirements are compared in Table
3. The calculated requirement for true ileal digestible
Lys (NRC, 1998) based on each pig’s BW and feed intake
ranged from 8.4 to 10.5 g/kg. The determined true ileal
digestible Lys requirement using the two-phase linear
regression crossover model was between 7.5 and 10.6
g/kg with a mean of 9.09 ± 1.06 g/kg. These measured
Lys requirements ranged from 76.5 to 108.1% of the
values predicted by NRC (1998), with a mean of 93.9
± 9.2%. The determined requirements were normally
distributed (Figure 3), as shown by 66.7% of the data
within one SD of the mean, and one data point each
well below or above the bounds of one SD. Calculated
according to the method recommended by Baker et al.
(2002), the true ileal digestible Lys requirement was
10.3 ± 1.09 g/kg of diet. This requirement value was
similar to the requirement according to NRC (1998),
but greater (P = 0.02) than the requirement calculated
using the two-phase linear regression crossover model.
Both experimentally determined requirement values
did not differ (P > 0.15) from the requirement calculated
according to NRC (1998).
The variances of the requirements determined using
the broken-line model did not differ (P > 0.34) from
either of those calculated according to Baker et al.
(2002) or predicted (NRC, 1998). In the broken-line
model, the slope of the oxidation response was highly
correlated to the determined requirements (r = 0.85;P =
0.004); the steeper the slope, the lower the determined
requirement. The oxidation at plateau was less well
correlated (r = 0.59; P = 0.097) to determined re-
quirements.
Discussion
In the current experiment, we determined, for the
first time the interanimal variability of the Lys require-
ment in growing pigs. Use of the IAAO technique al-
lowed us to expose growing pigs to several levels of
dietary Lys contents within a short time, so that the
Lys requirement could be determined for each individ-
ual pig. We chose Lys as our test AA because of its
importance as the first-limiting AA in most feedstuffs
for swine and because of the abundance of data support-
ing estimates of Lys requirements in growing pigs
(NRC, 1998).
The major factors affecting the requirement, such as
sex, genotype, and environmental conditions (Noblet
and Quiniou, 1999), were kept constant for all pigs.
Data analyses showed that the oxidation rates were
influenced by BW within and among pigs and by the
pigs’ feed intakes. These are key factors determining
the AA requirements of pigs (NRC, 1998; Noblet and
Quiniou, 1999). Therefore, the requirement was ex-
pressed as a percentage of the requirement calculated
according to NRC (1998), using the calculated ME in-
take and BW of each individual pig. Expressing the
Lys requirement relative to the predicted requirements
according to NRC (1998) accounted for the effect of BW
and feed intake on the requirement. These relative val-
ues, therefore, represent the estimate of the interani-
mal variability of Lys requirements.
The IAAO-determined Lys requirements agreed well
with the NRC estimates with a mean of 93.9% of the
NRC estimates and a SD of 9.2 (Table 3). The confidence
interval in these pigs (8.8% of the mean requirement)
is considerably smaller than the intersubject variation
observed for Lys requirements in adult humans, which
ranges from 31 to 50% of the mean requirement (Zello
et al., 1993; Kriengsinyos et al., 2002; Kurpad et al.,
2003). The greater intersubject variability of require-
ments in humans is probably due to the differences in
genetic variability in each species. In prelaying broiler-
breeders, the 95% confidence interval was 31% of the
mean requirement (Coleman et al., 2003); however,
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Table 3. Body weight, daily feed intake, and calculated vs. determined Lys requirements
of individual pigs
BW, kg Feed intake, g Lys requirement, g/kg of feeda
Pigb No.c Mean SE Mean SE NRC Determined % of NRC
1 7 20.4 1.6 973 128 10.5 10.0 95.2
2 7 19.7 1.5 946 120 10.5 8.8 84.1
3 7 25.0 1.2 986 37 10.0 9.8 98.1
4 7 26.1 1.2 1,009 39 9.9 9.9 100.0
5 7 24.5 0.8 969 29 10.0 9.1 91.2
6 7 27.4 1.7 1,059 46 9.8 7.5 76.5
7 7 27.4 1.7 1,063 47 9.8 10.6 108.1
8 8 22.4 1.7 895 40 8.5 7.9 93.3
9 8 24.2 1.4 948 32 8.4 8.2 98.1
Mean 24.1 982 9.71 9.09 93.9
SD 4.5 173 0.76 1.06 9.23
CV, % 7.8 11.7 9.8
aTrue ileal digestible Lys (as-fed basis).
bPigs 1 to 7 = wheat-corn gluten meal diet; Pigs 8 and 9 = barley-soybean meal diet.
cNumber of observations within pig.
those data were derived from four birds only and apply
to a different species and physiological state (i.e., non-
growing maintenance requirements). Estimates of the
variability of Lys requirements in pigs have been re-
ported as 6% of the mean requirement for week-old
parenterally fed piglets (House et al., 1998) and as a
95% confidence interval of 2.3% of the mean require-
ment in growing pigs (Lin et al., 1986). However, the
estimates by House et al. (1998) and Lin et al. (1986),
similar to other previous estimates, do not represent a
true estimate of intersubject variability, but rather the
statistical error involved in estimating the require-
ment. In the present study, the confidence interval of
8.8% of the mean requirement provides, for the first
time, a direct estimate of interindividual variation for
growing pigs. This low variation emphasizes the high
selection pressure in domestic pigs and also confirms
the formulas developed by NRC to calculate require-
ments (1998).
Figure 3. Frequency distribution of the predicted Lys
requirements in growing pigs. Measured requirements
for individual pigs are indicated by .
Variability in the Lys requirement may be associated
with individual differences in the efficiency of Lys utili-
zation or with differences in the ratio of lipid to protein
deposition. Weis et al. (2004) found that the litter from
which experimental animals originated accounted for
some of the variation in the whole-body lipid-to-protein
ratio. Conversely, a lower rate of inevitable Lys oxida-
tion would lead, as was observed in the current experi-
ment, to a greater slope for the decrease in indicator
oxidation when Lys intake was below the requirement.
Although lower rates of inevitable Lys catabolism have
been associated with greater rates of maximum protein
deposition (Moehn et al., 2004a), the unexplained varia-
tion in Lys catabolism was still 22%. We hypothesized
that this remaining variation in inevitable Lys catabo-
lism is due to the quantity and activity of the Lys cata-
bolic enzymes. In any case, the indicator oxidation re-
sponse of a pig to increasing dietary Lys concentrations
may be used as a criterion to select more efficient pigs
with lower Lys requirements. Because such response
data could be collected within a few weeks, pigs with
such advantageous qualities could be selected early for
future breeding or could be tested in multiple physiolog-
ical phases.
Knowledge of the mean requirement and its variabil-
ity are very valuable because they can be used to calcu-
late the economics of altering the Lys supply. For exam-
ple, the cost vs. benefit of decreasing or increasing di-
etary Lys by 1 g can be calculated using the change
in percentage of pigs that will not be receiving their
requirement. The expected change in barn or group
performance (e.g., weight gain, feed efficiency, lean
yield) can be balanced against the change in feed cost,
thereby giving the pork industry a new tool to deter-
mine the optimum feeding strategy under differing cost/
revenue scenarios.
The mean Lys requirement found in this study (9.1
g of true ileal digestible Lys/kg of diet) was similar to
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the requirement calculated according to the NRC (1998;
9.7 g/kg of true ileal digestible Lys), which is based
predominantly on growth and N balance studies. Re-
quirements should be independent of the analytical
technique chosen for determination (Pencharz and Ball,
2003). Comparing AA requirements in humans ob-
tained by IAAO and by the N balance technique, Pench-
arz and Ball (2003) found no difference caused by the
method used, although requirements obtained by the
IAAO technique seemed numerically greater. In the
current experiment, the IAAO-determined average re-
quirement was numerically less (by 6%) than the pre-
dicted average requirement (NRC, 1998), but apprecia-
bly less than the requirement calculated using the qua-
dratic equations recommended by Baker et al. (2002).
These differences are likely due to the statistical model
used to calculate requirements, whereas the numerical
difference between the broken-line requirements and
those according to NRC (1998) also may be caused by
analysis of data collected across many pigs vs. those
collected within individual pigs. In humans, the esti-
mated protein requirement tends to be greater when
obtained by the overall approach of fitting all available
data (similar to the approach used by NRC) compared
with the requirement determined by averaging individ-
ual requirements (Rand et al., 2003). The higher NRC
value also may be partly due to a difference in the
dietary NE content. In corn gluten meal, the protein
quality is rather poor, supplying a large excess of sev-
eral AA, which might have led to increased energy
losses in urine and as heat. This results in an overesti-
mation of ME, which would have led to an overestima-
tion in the Lys requirement using NRC (1998) calcula-
tions. We chose to use a wheat-corn gluten meal diet
to get as low a Lys concentration as possible for the
basal diet. For comparison, we determined individual
Lys requirements for two pigs fed diets based on barley
and soybean meal. In these pigs, the Lys requirements
(93 and 98% of NRC) were well within the confidence
interval of the other seven pigs (86 to 101% of NRC).
Other diets based on various feedstuffs and other ge-
netic lines of pigs may need to be studied to establish
whether the IAAO-determined Lys requirement is con-
sistently lower than the corresponding NRC estimates.
Implications
The indicator amino acid oxidation technique and the
short (<3 wk) experimental period required allows, for
the first time, the generation of a direct estimate of
population variability for an amino acid requirement.
Knowledge of population variability allows the accurate
calculation of the effect of choosing a specified “safety
factor” on herd performance and can be used as a tool
to adjust the feeding strategy to differing cost/revenue
scenarios to maximize the margin over feed cost. Fur-
thermore, the individual lysine requirement, as well as
the oxidation response to increasing intakes of lysine,
can be used as criteria for the selection of pigs that
make more efficient use of dietary lysine. Although we
have only reported individual variation in lysine re-
quirement, this method is suitable to use with all di-
etary indispensable amino acids.
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